Psychrotrophic bacteria represent a significant problem in the storage of refrigerated milk and dairy products because of their production of extracellular hydrolytic enzymes (7, 8, 10) . Spoilage due to the action of lipases occurs predominantly because of the production of short-to medium-chain (C4 to C12), even-carbon-number fatty acids from milk triglycerides (8) . Pseudomonads, particularly Pseudomonas fluorescens and Pseudomonas fragi, are the predominant lipolytic psychrotrophs in raw and ultra-heat-treated milk (9, 20, 21) . Lipases from a number of pseudomonads are very heat stable, and several have been purified (1, 2, 13, 18, 19, 27) .
We have initiated an investigation of the genetic and biochemical bases of the lipolytic phenotype of a psychrotrophic pseudomonad (LS107d2) which is taxonomically similar to P. fluorescens and was isolated from caprine milk (9) . A pertinent characteristic of strains potentially able to cause lipolytic spoilage of milk is their ability to degrade triglycerides in butterfat, resulting in zones of clearing in solid media containing an emulsion of 0.1% butterfat (22) . By this criterion, LS107d2 is markedly lipolytic, and more so than other strains of Pseudomonas tested (Fig. 1) . Very similar results were obtained with media containing an emulsion of 0.1% glyceryl trioleate (TO; data not shown). We describe the isolation and characterization of a lipaseencoding gene from this strain.
Isolation of a lipase-encoding gene (lipA) from Pseudomonas strain LS107d2. A genomic library was constructed in the cosmid vector pHC79 (12) . Individual recombinants were patched onto media containing TO and incubated at 30°C for 5 to 10 days. One recombinant (pTO1) of 3,000 screened gave a zone of clearing and was chosen for further study. Cosmid DNA was isolated, DNA fragments generated by partial TaqI digestion were ligated with AccI-cleaved pUC118 (26) , and the resulting transformants were screened for lipase activity on TO-containing media. One transform- ant, which was lipolytic, contained a deletion derivative of pTO1, designated pLGO11, with a 2.0-kb insert (Fig. 2a) . Deletions derived from pLGOll (Fig. 2a) localized the gene which encodes the lipase (lipA) to the right of the HpaI site. An HpaI-EcoRV fragment was subcloned into the SmaI site of pUC118 to give pLAJ2 (Fig. 2b) ; Eschenichia coli containing pLAJ2 displayed a lipolytic phenotype on both butterfat (Fig. 1) The initiating methionine codon shown in Fig. 3 is strongly indicated by the presence of a Shine-Dalgarno sequence (11) 7 bp upstream. A possible alternative is an in-frame AUG codon 21 codons downstream (nucleotides 107 to 109; Fig.  3 ), although a corresponding Shine-Dalgarno sequence is not evident. To confirm the identity of the initiating AUG codon, advantage was taken of the inclusion of both AUG codons within NcoI restriction sites. An NcoI-NcoI deletion was therefore created by using pLJ1, essentially placing the second methionine codon at the former position of the upstream methionine codon and deleting the intervening 62 bp. When this deleted lipA gene is expressed and labeled with [35S]methionine by using the T7 polymerase system (24) , the gene product is, as expected, detectably smaller in molecular mass than the undeleted lipA gene product (data not shown). However, E. coli cells containing this deletion derivative of pIJ1 are phenotypically Lip-, indicating that the upstream AUG codon is correctly identified and also that the N-terminal 21 amino acids are essential for lipase activity.
The usage of synonomous codons in lipA reveals a marked bias (data not shown), which is quite similar to that observed for Pseudomonas aeruginosa (28) . In particular, the third codon position is commonly a G or a C, which is consistent with the high mole percent G+C contents of the genomes of Pseudomonas species.
The lipA gene product is clearly a true lipase, since it is able to hydrolyze insoluble substrates (6, 23) , namely, TO and p-nitrophenylpalmitate ( Fig. 1; 16 P. fluorescens sequence is lipA (Fig. 3) . The other sequences may be found in references 3 and 14.
sequence of the lipA-encoded lipase deduced from the nucleotide sequence shows no extensive similarity to the sequence of lipases from Pseudomonas cepacia (14) or P.
fragi (12) . A putative active-site serine residue, however, is located within a sequence (Fig. 3) which is conserved in bacterial and mammalian lipases (3, 5); these sequences are aligned in Fig. 4 . Localization of lipase in E. coli. The lipases so far described in Pseudomonas species are exported to the medium (2, 13, 18, 19, 27) , which is consistent with the large molecular size of insoluble triglyceride substrates relative to the permeability of the outer membrane (4). Lipase activity from Pseudomonas strain LS107d2 is also found to be extracellular (16) . It was therefore of interest to determine its cellular localization when it is expressed in E. coli.
E. coli containing pLAJ2 was fractionated to yield periplasmic and cytoplasm-plus-membrane fractions. Lipase activity was consistently and exclusively found in the periplasmic fraction, whereas the majority of the marker enzymes ,-lactamase and ,B-galactosidase was located in the periplasm and the cytoplasm-plus-membrane fractions as expected (data not shown). No activity was detected in the medium. When cells containing the lipA-encoded polypeptide labeled with [35S]methionine were similarly fractionated, a significant proportion of the polypeptide was located in the cytoplasm (data not shown). In view of the lack of activity in the cytoplasm, this intracytoplasmic lipase is presumably inactive. The mechanism by which at a least a portion of the lipase is secreted to the periplasm remains to be determined. The export of lipase to the culture fluid in Pseudomonas strain LS107d2 likewise merits investigation but seems to involve other gene products in view of the absence of such export in E. coli.
The identification of lipA will allow detailed studies on the role of this lipase in the hydrolysis of butterfat triglycerides and in lipolytic spoilage.
Nucleotide sequence accession number. The nucleotide sequence reported in Fig. 3 has been submitted to GenBank and has the accession number M7412. 
